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No significant differences in baseline hemodynamic parameters (including
LV ejection fraction) were found between group I and II except for systolic
aortic pressure (1 02± 12.3vs 143.1 ±27.7 mmHg, p < 0.002), pulse pressure
(39.1 ± 12.5 vs 88.1 ± 21.9 mmHg, p < 0.000), LV volume (LV end-diastolic
volume index 85.4 ± 29.7 vs 141.1 ± 29.4 mllm2, p < 0,001) and aortic valve
gradient. PCr/ATP ratios were as follows:
'p < 0.05
Positive correlation was revealed between Pcr/a ATP or Pcr/fJ ATP and sys-
tolic aortic pressure (r = 0.60, P < 0.014 and 0.009, respectively) as well as
pulse pressure (r = 0,50, p < 0.036 and r = 0.53, P < 0.023, respectivelyj in all
patients.
In conclusion, detection of significant impairment of HEP metabolism in
aortic stenosis only and relationship of these changes to aortic, and there-
fore to coronary perfusion pressure appear to reflect imbalance in myocardial
oxygen/supply ratio rather than deterioration of LV function itself,
Mechanisms of Hyperenhancement by Contrast
Enhanced Magnetic Resonance Imaging are
Related to Injured Myocardial Mass in Patients
with Acute Myocardial Infarction
Validation of a New Method for Calculating
Continuous Transmural Distributions of Strain in
the Ventricles Using Magnetic Resonance
Tagging
static phantoms had less than 5% error compared to truth. Errors in calcu-
lated LV mass of dog hearts by M RI were less than 10% compared with actual
ex vivo weight. LV mass of normal volunteers was determined at ED and ES,
Linear regression analysis of ED LV mass vs. ES LV mass yields an excellent
correlation (R2 of 0.94). A similar analysis of LV stroke volume (SV) vs RV SV
yields an R2 value of 0,85.
Our semi-automated contour extraction program provides a fast, repro-
ducible, and accurate method for quantifying cardiac global function from
MR images,
Joao A,C. Lima, Gabriel Nazareno, Robert JUdd, Carlos Lugo-Olivieri, Cynthia Siu,
Elias A. Zerhouni. Johns Hopkins Hospital, Baltimore, MD
The extent of injured myocardium is directly related to infarct size after acute
myocardial infarction lAM I). Myocardial hyperenhancement during ultrafast
contrast enhanced magnetic resonance imaging (CEMRI) reflects ischemic
injury and its mechanism; extracellular volume expansion with or without
washout impairment may be related to the magnitude of ischemic injury;
edema formation with or without cell death, To investigate the relationship
between the extent of myocardial injury and the mechanism of myocardial
hyperenhancement by CEMRI we studied 19 patients after AMI. Spoiled
GRASS, TR = 6.5 ms, TE = 2.3 ms, 4 short-axis images were analyzed, and
the ratio of signal intensity in myocardium to blood from injured (IN) and
normal (NL) regions was obtained at 50 secs, 160 secs and 600 secs. after
IV contrast (gadoteridol 0.1 mmol/kg). Percent injured myocardial mass was
calculated as the ratio of hyperenhanced myocardium to total LV mass by
planimetry. Patients were divided into two groups according to the mecha-
nism of signal hyperenhancement. Group 1 (N = 9) was defined by a parallel
upwards displacement (ANaVA p < 0.002) of the injured myocardiumlblood
ratio over time relative to normal myocardium consistent with pure extracel-
lular expansion. Group 2 (N = 111 had upwards displacement (ANaVA p <
0,001) with significant slope (ANaVA p < 0.001) consistent with impaired
washout (see Figure). Injured mass was greater in Group 2 (31.9 ± 6.4%) than
in Group 1(15.9 ± 5.0%, P < 0.001).
In conclusion, the mechanism of myocardial hyperenhancement is related
to the extent of ischemic injury after AMI, with greater injury associated with
the presence of washout impairment. suggesting cell death. These relation-
ships may be explored to assess myocardial viability after AMI by CEMRI.
Michael J, Moulton, Lawrence L. Creswell, Stephen W. Downing, Barna A. Szab6,
Michael W. Vannier, Michael K, Pasque. Washington University, St. Louis, Missouri
Magnetic resonance imaging (MRI) tagging prOVides information about de-
formation at many intramural points in the ventricular wall and thus offers
the potential to characterize the transmural pattern of deformation. We have
developed a method to calculate continuous transmural distributions of fi-
nite strains across the ventricular wall from the deformation of the MR "tag
lines". The purpose of this study was to quantify the error in this technique
by comparing strains computed with our method to a "gold standard" so-
lution, Seven dogs underwent cine MRI with tagging, generating dark grid
patterns of presaturations on the images. Deforming tag lines were tracked
using an automated algorithm. A parametric representation of tag line defor-
mation was developed. Strains were calculated in a local region bounded by
five to six tag lines by constructing a local mapping from the region on the
undeformed image to the same region on the deformed image. The map-
ping was defined by fitting a polynomial "surface" to the measured defor-
mations of the tag lines and by employing a smoothing term to control the
trade-off between fidelity of the data and surface and the smoothness of the
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Dobutamine Stress Cine Magnetic Resonance
Imaging versus PET for Detection of Myocardial
Viability
Global Cardiac Function Using Active Contour
Models with Fast Breath-hold MRI
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Daniel C, Bloomgarden, Zahi A. Fayad, Cheng-Ning Chang, Victor A. Ferrari, Alistair
A. Young 1, Leon Axel. University ofPennsylvania, Philadelphia, PA; 1University of
Auckland, Auckland, New Zealand
Fast MR imaging techniques now permit rapid acquisition of gated cardiac
images spanning the entire ventricle through most olthe cardiac cycle, Quan-
titative global function analysis requires extraction of the myocardial bor-
ders in the images. However, manual analysis is tedious and time consum-
ing while fully automated techniques are limited because of image artifacts
and poor blood/myocardial contrast in certain regions, especially with fast-
imaging techniques, We have developed a fast, interactive, semi-automated
method for defining the myocardial borders. We present the initial results of
this method using MR images of static phantoms, dog hearts, and normal
volunteers,
Ten healthy adult volunteers (ages 18-34) were imaged with a clinical 1.5
Tesla MRI system (GE) using a fast gradient-echo ECG-gated pulse sequence
which acquired 8-12 cardiac phases from end-diastole (ED) past end-systole
during a breath-hold. 12-15 short-axis (SA) images were acquired from the
pulmonary valve to the LV apex. The imaging parameters were: FaV = 24--26
cm, flip angle = 33°, slice thickness = 6 mm, slice spacing = 2 mm, TRITE ~
7.2/2.6 msec.
Analysis was done with our customized software (SPAMMVU) using our
contour tracking routine. This method models each contour as an analytic
function (with an associated effective strain"energy"j that is attracted to
edges in the image, but can be manipulated by the user to outline regions
with poor contrast or to avoid artifacts. Internal stiffness of the model results
in smoothing and fast outlining. Typical analysis takes less than 20 minutes
vs. 1-2 hours for a manual method.
Volumes were computed using Simpson's rule. Measured volumes of
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Valerie Julien, Michel Ovize, Marc Janier, Claire Baldy, Sameh Bakhoum, Roland Ittl,
Didier Revel, Xavier Andre-Fouiit. Hopital Cardiologique and CERME?, Lyon, France
To identify viable myocardium before coronary revascularization, we prospec-
tively submitted eleven patients (60 ± 7 yrs; 11 M) with previous O-wave my-
ocardial infarction to 18FDG-Positon Emission Tomography and low-dose (5
to 10 /Lglkg/min) dobutamine cine-MRI. 18FDG uptake >60% was considered
indicative of viable tissue. Ouantitation of systolic wall thickening/thinning
(SWJ was performed by use of a computer software allowing automatic de-
tection of epicardial and endocardial outlines, at rest and under 5, 7,5 and 10
/Lg/kg/min of dobutamine. Heart slices of both 18FDG-PET scans and dobu-
tamine cine-MRI were divided in 8 segments, matched and analyzed byob-
servers blinded to clinical data. Sixty-five segments were considered viable
by 18FDG-PET; in this subgroup, rest SW thickening averaged 47 ± 5% and
improved by 43 ± 8% under low-dose dobutamine. In the remaining 23 seg-
ments considered non viable by PET. rest SW thickening averaged 14 ± 7%"
("p < 0.05 vs viable segment group) and further worsened by -13 ± 8%'
during low-dose dobutamine stress (' p < 0.05 versus viable segment group).
Positive predictive value of low-dose dobutamine stress cine-MRI for assess-
ment of myocardial viability was 84%. These data suggest that quantitative
assessment of regional wall motion by dobutamine cine-MRI may help dis-
criminate viable from non viable myocardium as defined by 18FDG-Positon
Emission Tomography.
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LV wall motion in Gd(+) couldn't improve at 1 month, but significantly im-
proved in Gd(-). Conclusion; Dyskinetic myocardium without Gd-DTPA en-
hancement is regarded as reversible injured myocardium. Cocaine Induced "Blood Doping" Maintains
Myocardial Oxygen Delivery Despite Flow
Limiting Coronary Vasoconstriction
septal wall lateral wall
endo %5 epi%S endo %5 epi%S
SXC NS NS NS r = 0.57
LXC r = 0.56 r = 0.62 r = 0.55 NS
thickness r = -0.63 r = -0.49 NS NS
Richard Shannon, W. Thomas Manders, You-Tang Shen. Cardiovascular Division,
West Roxbury VAMC, Harvard Medical School, Boston, MA; NERPRC, Southborough.
MA
The mechanism whereby cocaine (COC) causes myocardial ischemia re-
mains controversial. Most prior studies have suggested that COC induced
increases in coronary resistance (CVR) coupled with increased myocardial 02
demand (MV02) provided the substrate for ischemia. To determine whether
COC induced CVR limits myocardial O2 delivery, we studied 13 conscious
dogs, chronically instrumented with LV pressure transducers, aortic and coro-
nary sinus catheters, Doppler flow probe on the left circumflex coronary
artery and atrial pacers. Coronary and MV02 responses were measured for
90 min following COC (1 mglkg IV) in the intact state. Following COC, coro-
nary blood flow increased rapidly (+30 ± 3% from 48 ± 2 mllmin, p < 0.01)
within 2 mins but returned to baseline by 15 mins as CVR increased (+ 19 ±
4% from 2.1 ± 0.1 mmHg/ml/min) and remained elevated for 30 minutes. De-
spite flow limiting increases in CVR, myocardial 02 delivery (+25 ± 6% from
7.1 ± 0.3 ml 02/min) kept pace with the MV02 response (+27 ± 6% from
5.4 ± 0.3 ml 02/min) to COC without requiring additional O2 extraction af-
ter the first 2.5 mins. This was due to increased arterial 02 content (+22 ±
4% from 15 ± 0.1 vol%, P < 0.01), which, in turn. was due to a significant in-
crease in circulatory hemoglobin concentration (12.1 ± 0.4 g/dl to 14.2 ± 0.6
g/dl, p < 0.01) which persisted for 90 mins, well after hemodynamics had re-
turned to baseline. Arterial oxygen saturation (97 ± 1%) and pH (7.41 ± 0.01)
remained unchanged. Thus, COC induces a significant "blood doping" effect
which contributes to the maintenance of myocardial 02 delivery despite Iimi-
Multiple stepwise linear regression analysis showed that both wall thick-
ness and LXC significantly contributed to %S in the septum (r = 0.79 for endo
%S, r = 0.74 for epi %S, both p < 0.005). Conclusions; 1) Wall thickness and
long-axis curvature appear to predict the septal function, whereas they have
little impact on lateral wall function. 2) The thicker and more convex (toward
the ventricular cavity) the septum is, the less it thickens in systole. 3) Isomet-
ric contraction of the interventricular septum in HCM may be partly due to its
abnormal curvature.
Detection of Hybernating Myocardium by
Dobutamine Magnetic Resonance Imaging
Ibraim Pinto, Ricardo Pavanello, Leopoldo Piegas, Edson Romano, Enilton Egito,
Marcos Barbosa, Alexandre Abizaid, Lulz C. Souza, Amanda Sousa, J.
Eduardo Sousa. Hospital do Cora9ao, Sao Paulo, Sp' Brazil
Identification of hybernating myocardium (HM) by magnetic resonance imag-
ing (MRI), is controversial. Trying to optimize MRI results we studied 45 pts
with coronary artery disease (CAD) and depressed left ventricular wall mo-
tion (LVWM) and ejection fraction (LVEF) at baseline angiogram (ANGlO). MRI
before and after a low doses infusion of dobutamine (00,5 mcglkg/min). MRI
defined LVWM and LVEF correlated with those of ANGlO (r = 0.767 and r =
0.843, respectively). After DO injection Tl signal increased in 27 (65 ± 15 vs.
98 ± 9, p = 0.03) pts whereas 18 pts had non significant changes (58 ± 12 vs.
52 ± 12, P = NS). All pts underwent coronary bypass surgery and repeated
MRI before hospital discharge. LVEF (0.32 vs0.45, p = 0.03) and LVWM (-2.6
± 0.8 vs 0.8 ± 0.4 P = 0.04) improved in the 27 pts with T1 changes. None
of the others improved LVEF (0.34 vs 0.36, P = NS) or LVWM (-2.4 ± 1.2 vs.
-1.8 ± 0.7, P = NS). Conclusion; DO-MRI seems to be an effective manner
to identify HM in pts with chronic CAD and depressed LV contractility.
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lateral walls as indicated by smaller SXC and LXC (0.08 ± 0.03 vs 0.11 ± 0.03
mm-1 for SXC, -0.02 ± 0.02 vs 0.03 ± 0.01 mm-1 for LXC both p < 0.0001).
There were significant correlations between %S and curvature and thickness
as follows.
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Reversibility of Ischemic Myocardial Injury can
be Predicted by Gadollnlum-DTPA Enhanced
Magnetic Resonance Imaging After Reperfusion
Jun Kitamura, Yo Murakami, Toshio Shimada, Kouichi Ochiai. Hironori Tsukihashi,
Kazuya Sano, Yutaka Ishibashi, Shige/umi Morioka. Shimane Medical University,
Izumo, Japan
Gd(+)
Gd(-I
Impact of Ventricular Wall Curvature on Regional
Function in Hypertrophic Cardiomyopathy:
Assessment with MRI Tagging
Satoshi Nakatani, Richard O. White, Kimerly A. Powell, Harry M. Lever, James
O. Thomas. The Cleveland Clinic Foundation, Cleveland, OH
Reversible injured myocardium (stunned myocardium) due to brief ischemia
demonstrates no enhancement in Gadolinium-DTPA enhanced magnetic res-
onance image (Gd-MRI) in animal studies. To test whether this finding can be
observed in clinical settings or not. we studied 18 patients with acute my-
ocardial ischemia using Gd-MRI. All patients underwent cardiac catheteriza-
tion and angiography both on admission and after 1 month. In these patients,
LAD was considered to be a culprit vessel and antero-septal region showed
severe dyskinesis. If the flow grade was less than TIMI grade 3, PTCA was
performed. With Gd-MRI (performed within 7 days), the patients were divided
into two groups: Gd( +) and Gd(-). Gd(+) was defined as the group with the
signal intensity ratio (anterior/inferior) higher than 1.20 in the ischemic area
(normal control = 1.00 ± 0.08). LV wall motion was analyzed by using center-
line method. Results are shown as follows:
mapping. Strains were computed from the gradients of the mapping. The ac-
curacy of strain calculations was determined by simulating deformations of
undeformed tag lines with a finite element (FE) model constructed from the
undeformed image and comparing strains calculated with our method and
the FE strains. The root mean square (RMS) error between FE strains and
surface polynomial strains varied between 8.3 and 17.7% of the average FE
strain for regions with six to nine tag intersection points. We have described
a new method for calculating a transmural distribution of finite strains across
the ventricular wall from MRI tissue-tagging and have quantified the accuracy
of this technique. This algorithm may be applied to estimate the transmural
distribution of regional strain in both ventricles non-invasively.
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Because ventricular wa II tension is related to wall curvature by the Laplace
law, the curvature should affect regional wall function. We hypothesized
that the ineffective (isometric) contraction of the interventricular septum ob-
served in hypertrophic cardiomyopathy (HCM) may be related to its abnor-
mal curvature. Methods; To address this issue, we studied 17 HCM patients
with various septal morphologies and normal overall systolic function (mean
echocardiographic fractional shortening, 48 ± 9%) using MRI tagging (spa-
tial modulation of magnetization); there was asymmetric septal hypertrophy,
prominent basal septal bulge and concentric hypertrophy in 7, 4, and 6 pa-
tients, respectively. Localized endocardial (endo %S) and epicardial (epi %S)
intramyocardial circumferential shortening was measured in the septal and
lateral walls on a basal short-axis slice. Short-axis curvature (SXC) and long-
axis curvature (LXC) of the basal septal and basal lateral walls were deter-
mined as the reciprocal of the radius of the arc best fit to the wall curvature,
which can be negative if the wall is convex to the LV cavity. Wall thickness
was also measured at end-diastole. Resu/ts,' Endo %S and epi %S were sig-
nificantly lower in the septum than in the lateral wall, suggesting isometric
septal contraction (20 ± 14 vs 45 ± 11 %, P < 0.0001 for endo %S and 10 ±
9 vs 20 ± 11 %, p < 0.001 for epi %S). Septal walls were flatter in the short-
axis plane and more convex toward the LV cavity in the long-axis plane than
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